L Introduction
In recent years, there has been a renewed interest in doped manganese oxide:, which has been triggered by theobservation of thecolossal magnetoresistmce (CMR) effect in these materials [1] . The CMR effect is caused by the temperature dependent phase transition from a paramagnetic insulator to a ferromagnetic metal. Thus, for temperatures slightly above this phase transition an applied magnetic field does not only restore the magnetic order as it does in all types of ferromagnetic materials but also gives rise to metallic conductivity. The coincidence of the ferromagnetic-paramagnetic phase transition with the metal-insulator transition is generally believed to be associated with the double exchange mechanism [2] [3] [4] . Besides technological interest in the CMR effect, doped manganites are fascinating materials in that they exhibit a wide variety of unusual physical properties, which makes them considerably more complex than conventional transition metal ferromagnets [5] . While many of the early CMR studies were focused on perovskite manganites, there has been a surge of studies on layered manganite materials in the last few years. In particular the n = 2 variant of the Ruddlesden-Popper series (La,Sr)~+,MnnO~~+i has interesting properties and is presently the focus of intense research efforts . For instance, previous experimental studies reported an anomalous critical exponent (3 for the magnetization [17] , charge density wave (CDW) type fluctuations [19] , as well as antiferromagnetic (AF) correlations in the paramagnetic state [13, [16] [17] .
Furthermore, specific heat measurements reveal an unusually large temperature dependent change in entropy in the paramagnetic phase [25] . All these anomalies, in connection with the disappearance of conductivity indicate a substantial change of the electronic state at the magnetic ordering temperature. These observations pose a Figure 1a shows the field-dependent ah-plane susceptibility~(H) as a function of temperature in the paramagnetic phase for composition x = 0.36 in comparison to the expected susceptibility behavior of a conventional ferromagnetic system (Fig. lb) . From this comparison, one can identify two anomalies in the experimental data of the layered manganites that are not present in a simple ferromagnetic system. The first anomalous feature, which is observed in all the measurements shown in Fig. 1a , is the very sharp peak occuring at H = O. This peak is almost independent of temperature for the range shown here and it is caused by magnetic intergrowths defects, which are soft ferromagnetic entities up to their perovskite-like Curie temperature of approximately 300
II. Experimental Results
K. Fig. 2a shows a more detailed low-field~(H)-measurement for a x = 0.30 sample, which has an ordering temperature of 72 K [22] . In the vicinity of the ordering temperature, the low-field~(H)-peak changes only weakly and even at T = 120 K a cleh ysteresis effect is observed, which indicates the ferromagnetic nature of the low-field susceptibility anomaly. From the TEM-picture in Fig. 2b , it can be seen that intergrowths are stacking faults due to missing or extra layers of SrO between the MnOb octahedral planes. Such defects represent local inclusions of n # 2 variants of the RuddlesdenPopper series. Especially n > 2 inclusions are expected to have a higher ordering temperature than the n = 2 host material and, therefore, cause a small soft-ferromagnetic background in the pararnagnetic phase. Typical intergrowth concentrations are in the 0.1 -1% range. Detailed studies of these defects have been published elsewhere [20, 23] .
As one can see from Fig To illustrate the chemical trend as well as the temperature dependence of the anomaly we define the enhancement factor S as the ratio of the maximum susceptibility value normalized to the extrapolated zero-field susceptibility for each temperature. This quantity is displayed in Fig. 4 as a function of temperature for the various sample compositions. S increases substantially with the doping level x, from a maximum value of 1.1 for x = 0.32 to almost 2.6 at x = 0.40. In all concentrations x, the temperature dependence of the effect is similar, showing a maximum at T = 1.1 Tc. To better understand the origin of this anomaly we measured the magnetization dependent susceptibility~(m). As an example Fig. 5a displays the results for x = 0.36, Note that the intergrowths contribution has been subtracted from the data. From Fig. 5a we see that (m) peaks at an approximately constant magnetization value, at least for intermediate temperatures, where the phenomenon is well established. Thus, the observed shift in the field position for the~(H) -peaks in Fig. 3 only corresponds to the varying fields necessary to achieve a certain magnetization value. Only for very high temperatures or temperatures very close to Tc, we find a reduction of the magnetization value at which the susceptibility maximum occurs in addition to a reduction in the peak height itself. We are able to mimic the basic features of the observed anomaly, if we assume that the exchange coupling constant J actually depends on the field-induced magnetization m. 
III. Discussion
The measurement of~(m) permits the analysis of our data in terms of the Landau theory of phase transitions, which assumes that the free energy F can be described by a Taylor expansion in the order parameter, i.e. the magnetization m. Even though, this mean-field picture yields incorrect critical exponents, it allows a basic quantitative analysis of phase transitions, in particular a classification with respect to the order of the phase transition without invoking a specific microscopic model. We found it sufficient to fit a polynomial of sixth order to our experimental data, according to
which corresponds to the following fitting-function for the magnetization dependent
For each temperature, we determine the coefficients a, b and c using a least-squares fit.
The coefficient a corresponds to the inverse zero-field susceptibility and is required to be positive in the paramagnetic phase (T > Tc). c describes the saturation behavior at large fields and has to be positive as well. Thus, only a negative b is able to describe the This behavior has been explained by the dimensional crossover occurring in these weakly coupled manganite layers [24] .
The susceptibility anomaly is described by a negative b factor, which is also displayed in Fig. 6 . This parameter is not merely a quantitative description of the observed behavior, but rather a key quantity because it defines the order of the phase transition at Tc. For positive b values one observes the conventional second order phase transition, whereas negative b values indicate that the phase transition will be discontinuous [29] . It is this fundamental significance of b that makes the observed paramagnetic properties so very interesting, because the sign of b is actually changing right in the vicinity of Tc. At high temperatures, the system seems to be going towards a first-order ferromagnetic phase transition, whereas ultimately a second-order phase transition is observed.
In terms of the free energy F, the observed anomaly corresponds to a deformation as indicated in Fig. 6 . This interpretation in terms of a magnetization dependent exchange coupling is also consistent with the observed dramatic shift of Tc with applied field in these layered materials [15] . R should also be mentioned that even though J is significantly reduced in the paramagnetic state, it is still strongly ferromagnetic, as one can see from the inverse susceptibility, shown as factor a in Fig. 6 .
The exchange constant reduction seems to be related to the charge density wave (CDW) formation, which was recently reported for x = 0.40 [19] , because all experimental parameters are strongly correlated for both phenomena. The CDW appears only in the paramagnetic phase, shows a maximum in intensity at T = 1.1 Tc, and slowly disappears with increasing temperature. Furthermore, it can be suppressed by a sufficiently strong magnetic field, similar to the one we have found here to be necessary to restore the full exchange coupling. Thus, the paramagnetic phase has two distinct regions: (i) a CDW region with a reduced J for small applied field, and (ii) a high-field region, in which J is restored and the CDW disappears. The transition between these regions is broad and does not seem to be a true phase transition but rather a change in the fluctuation characteristic. So, the layered manganites exhibit a complex paramagnetic state, in which the ferromagnetic exchange competes not only with thermal fluctuations but also with the CDW as a second ordering mechanism. Such an interpretation of the CDW as a competing order mechanism is also in good agreement with the observed chemical trend, where we find an increasingly suppressed exchange coupling with increased doping level. One would expect such a doping dependence from a CDW-type mechanism as one moves closer to half-filling (x = 0.50). This competing interaction might also relate to the x dependence of Tc. In the layered manganites, Tc exhibits a maximum at x = 0.36 which has been correlated with a sign-reversal in the MnOõ ctahedral distortion [18] . Upon increasing x One finds a substantial reduction of Tc, which is very different from the 3D LaXSri.XMnOJ perovskites with the same doping level [30] . Thus, the occurrence of the CDW in the layered manganites might be responsible for the TCreduction.
Another important observation is the fact that the position of the susceptibility maximum, as seen in Fig. 5 , is changing towards smaller magnetization values near Tc, where strong ferromagnetic fluctuations are present. In addition, the peak-amplitude S is reduced upon approaching Tc. Therefore, the CDW is already suppressed if ferromagnetic fluctuations become strong and the system seems to undergo a second order phase transition. However, we are unable to observe conventional scaling behavior above Tc as shown in Fig. 7 . Here, we have plotted magnetization vs. susceptibility 
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In summary, our study of field and temperature dependence of the susceptibility for SrO(Lal.XSrXMnOJ)z (X =0.32-0.40) shows that theparamagnetic phase in these ferromagnetic layered manganites exhibits a reduced ferromagnetic exchange coupling, contrary to observations inchetically sitilm3D perovstite matetids. Thus, tiechmge in the electronic structure at Tc reflects itself not only in the conductivity, as in all CMRmaterials, but also in a substantial change of the FM exchange coupling. J is a key parameter of the electronic groundstate and it should be more accessible to a quantitative theoretical description than the non-equilibrium transport phenomena associated with the CMR-effect. The exchange constant reduction appears to be strongly correlated with the CDW-formation. The thermodynamic behavior of the paramagnetic state is highly anomalous, because it is driven by a competition between ferromagnetic and CDW fluctuations.
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